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1. Introduction 
The need to reduce emissions leading to 
climate change and other damaging impacts 
of conventional electricity production presents 
several challenges. The growth in low carbon 
renewable generation leads to reduced system 
ÁH[LELOLW\ DQG LQFUHDVHG FKDOOHQJHV LQ HQVXULQJ
security of supply. In addition, peak demand 
LV H[SHFWHG WR LQFUHDVH IURP  *: 
WR  *:  >@ ZLWK SHDN GHPDQG
becoming more volatile with more peaks than 
LV WKH FDVH WRGD\ >@ SDUWO\ DV D UHVXOW RI WKH
HOHFWULÀFDWLRQ RI WUDQVSRUW >@ DQG D SRWHQWLDO
HOHFWULÀFDWLRQ RI KHDW >@ 7KLV LV VHW LQ WKH
FRQWH[W RI D QXPEHU RI LPSRUWDQW JHQHUDWLRQ
changes and developments. These include the 
impacts of the intended UK-wide shutdown of 
XQDEDWHGFRDOSRZHUHGSODQWVE\ >@DQG
the moratorium on building new nuclear power 
SODQWV LQ6FRWODQG >@ :KLOHPXFKSXEOLFSROLF\
focus has been on the range of actions taken in 
enabling the electricity sector to contribute to the 
DLPRIUHGXFLQJ8.*+*HPLVVLRQVE\RIWKH 
1
 EDVHOLQH E\  >@ WKH FKDQJH LQ WKH
generation landscape is key. 
The decarbonisation of electricity is largely being 
accomplished through the replacement of carbon 
emitting generation by intermittent renewable 
HOHFWULFLW\VXSSO\5(6FDSDFLW\7KLVLVH[SHFWHG
WR LQFUHDVH EHWZHHQ  XQWLO  >@
and will inevitably lead to increased variability of 
HOHFWULFLW\ VXSSO\ WKURXJKRXW GD\ DQG QLJKW >@
:KLOHUHQHZDEOHVDUHUHOLDEOHWKH\DUHYDULDEOH
LQWHUPLWWHQW >@ $YRLGLQJ 5(6 FXUWDLOPHQW
DQG GHDOLQJ ZLWK ERWK LQÁH[LEOH GHPDQG DQG
intermittent supply, requires decreasing network 
congestion and/or building more network to 
LQFUHDVHÁH[LELOLW\>@7KHTXHVWLRQWKHQLV
WKHH[WHQWWRZKLFKHOHFWULFDOHQHUJ\VWRUDJH((6
provides a means of achieving this in a manner 
that achieves the best balance of societal costs 
DQGEHQHÀWV>@
Among others, the National Infrastructure 
&RPPLVVLRQ >@ KDV DUJXHG WKDW WKH
current regulatory framework unintentionally 
Summary
(OHFWULFDO HQHUJ\ VWRUDJH ((6 LV LQFUHDVLQJO\ EHLQJ FRQVLGHUHG DV D QHFHVVDU\ FRUROODU\ WR LQÁH[LEOH
UHQHZDEOHJHQHUDWLRQ>@IRUHOHFWULFLW\PDUNHWVWRGD\DQGLQWKHIXWXUH(QHUJ\VWRUDJHLVQRWQHZ
WKH*%HOHFWULFLW\V\VWHPKDVEHQHÀWHGIURPSXPSHGVWRUDJHJHQHUDWLRQVLQFHWKHV%XWQRQHZ
stations have been built since the liberalisation of energy markets in the late 1980s. Investors have 




considers the question of how EES has been valued in the past. Crucially, we consider the issue of 
YDOXDWLRQ EH\RQG WKH HFRQRPLFV RI WKH HQHUJ\ V\VWHP WR D IXOOHUVRFLDO FRVWEHQHÀW SHUVSHFWLYH +DV
SROLF\H[SOLFLWO\FRQVLGHUHGWKHTXHVWLRQRIVRFLHWDOYDOXDWLRQ":KDWPD\EHUHTXLUHGLQWHUPVRIYDOXDWLRQ
approaches to make the case for future investments in and deployment of storage capacity? 
:HGUDZWKUHHPDLQFRQFOXVLRQV)LUVWWKDWWKHUHLVDQHHGWRUHFRJQLVHDQGDUWLFXODWHWKHVRFLHWDOYDOXH
that may be delivered by EES. Second, a market framework that recognises this value is needed. Third, 
GHYHORSPHQW WKURXJKERWKRI WKHVHÀUVW WZRVWDJHVUHTXLUHVJUHDWHUSROLF\FHUWDLQW\DQGFODULW\ URXQG
low carbon economic development pathways in general, and the outcomes that may be served by EES in 
particular. 
disadvantages EES business cases by directly 
and indirectly creating various barriers preventing 
them to participate in a range of markets despite 
the clear contribution it can make in terms of 
HQDEOLQJÁH[LELOLW\DQGVHFXULW\,WLVWKHFRQWHQWLRQ
of this paper that the problem is somewhat 
deeper, in that the institutional memory as to 
how the need for energy storage was once valued 
has eroded over the last three decades. Indeed, 
WKHUHVHHPVWRH[LVWQRFXUUHQWFRQVHQVXVDQG
or clear articulation as to whether there may be 
D QHHG WR LQYHVW LQ IXUWKHU 3+(6 DQGRU RWKHU
EES capacity, and at what institutional level such 
decisions need to be made. This is a crucial 
point. The problem around energy storage in 
general, and EES particular, may be deeper than 
one of market design and techno-economics. At 
what institutional level does the problem lie? In 
WKHSDVW IRUH[DPSOHZKHQ LQYHVWPHQW LQ3+(6
was decided, central decision making lay in the 
KDQGV RI WKH WKUHH *% *HQHUDWLQJ %RDUGV DQG
WZHOYH $UHD %RDUGV ZLWKLQ (QJODQG DQG :DOHV
+RZHYHU LW GRHV QRW QHFHVVDULO\ IROORZ WKDW
centralised electricity boards constituted the 
appropriate institutional level for such decisions 
to be made, or that decisions were underpinned 
by the type of societal valuation proposed in this 
paper. Rather, the particular needs of the time 
ZKHQ WKH *% V\VWHP ZDV VKLIWLQJ LQ IDYRXU RI
QXFOHDU JHQHUDWLRQ PD\ KDYH GULYHQ DQ HQHUJ\
system-focussed decision that ultimately served 
a wider set of societal needs, without any type 
RI IRUPDO VRFLHWDO ¶FRVW EHQHÀW DQDO\VLV· KDYLQJ
been performed. 
2. Context  understanding what energy 
storage policy offers and the extent to which 
this is recognised in past and current UK policy 
2.1 What is energy storage? 
In essence, energy storage uses devices or 
materials to store energy until a point in time 
where it can be better utilised. Unlike other 
natural energy storage systems and materials 
such as wood and coal, electricity must either 
be used as soon as it is created or converted 
into another form of energy such as kinetic or 
chemical energy. A range of storage technologies 
H[LVW ZKLFK DUH HLWKHU DOUHDG\ GHSOR\HG RU
currently under development. EES technologies 
have a number of differentiating characteristics 
such as the underlying technology, power density, 
discharge duration, storage duration, location 
ZLWKLQ WKH HOHFWULFLW\ V\VWHP ZKHUH D UDQJH
of constraints apply, including availability of 
resources such as water, impacts on the local 
HQYLURQPHQW DQG SRSXODWLRQ DQG QDPHSODWH
FDSDFLW\ ,Q WKLV FRQWH[W ((6 V\VWHPV LQFOXGH
mechanical, electrochemical, or electromagnetic 
technologies. Mechanical EES include stand-
DORQH 3+(6 DQG FRPSUHVVHG DLU HQHUJ\
VWRUDJH DV SDUW RI JDV WXUELQH V\VWHPV &$(61. 
Electrochemical technologies are various battery 
types such as lithium-ion batteries, as well as 
super-capacitors. Electromagnetic technologies 
include superconducting magnetic energy 
storage2>@,PSRUWDQWWHFKQLFDOVSHFLÀFDWLRQV
in all three cases are power rating, discharge 
duration, and storage duration. The relative 
LPSRUWDQFH RI HDFK GLIIHUHQW VSHFLÀFDWLRQV
depends on the application, where it may be 
argued that mechanical EES do often perform 
better, but with batteries potentially offering more 
ZKHUH IRUH[DPSOHDQ LQVWDQW UHVSRQVH WLPH LV
NH\>@
The key question is how EES deployment may 
play a role under different system development 
VFHQDULRV JRLQJ IRUZDUG )RU H[DPSOH 1DWLRQDO
*ULG·V¶)XWXUH(QHUJ\6FHQDULRV·>@FRQVLGHUVWKH
potential contribution of storage under different 
potential energy system pathways. Its role is often 
GHÀQHG LQ WHUPVRISURYLGLQJ VKRUWDQGRU ORQJ
WHUPUHVHUYHFDSDFLW\>@&RQVLGHUIRUH[DPSOH
3+(6 WKH PRVW SUHYDOHQW ((6 WHFKQRORJ\
FXUUHQWO\RSHUDWLQJJOREDOO\DQGLQ*%>@3+(6
stores energy in the form of gravitational potential 
by pumping water from a lower altitude reservoir 
to a higher one. In order to reclaim the electricity 
used in the previous pumping process, the stored 
water is released, and the kinetic energy of the 
ZDWHUÁRZLVWUDQVIRUPHGLQWRHOHFWULFLW\E\XVLQJ
DJHQHUDWRU>@3+(6LVFRQVLGHUHGEHWWHUVXLWHG
to bulk energy reserve and other long terms 
services given that it is cheap relative to batteries 
LQ GHOLYHULQJ VHUYLFHV IRU HQHUJ\ PHDVXUHG LQ
 *LYHQ WKH OLPLWHGH[SHULHQFH LQGHSOR\LQJ
CAES globally we do not attempt to consider or 
compare it in the current paper.
2 Such technologies are just for super short 
WHUPLH´LQVWDQWµDSSOLFDWLRQV
 /RQJHU VWRUDJH GXUDWLRQV UHIHU WR WKH
ability of storing energy over long terms without 




more economical and technically suitable in 
GHOLYHULQJ VHUYLFHV IRU SRZHU PHDVXUHG LQ N:
where an immediate response in power output is 
UHTXLUHG>@
2QH HPHUJLQJ LVVXH LQ WKH *% SRZHU V\VWHP
is the decrease in inertia as the share of non-
V\QFKURQRXVUHQHZDEOHJHQHUDWLRQLQFUHDVHV>@
This is an area where the synchronous, dynamic 
energy capability from pumped hydro energy 
storage may serve needs not so easily serviced 
by other forms of generation or storage.
3+(6 LV WKH ROGHVW DQG PRVW PDWXUH ((6
WHFKQRORJ\ KDYLQJ EHHQ ÀUVW GHSOR\HG E\
manufacturing industries in Switzerland in 
the 1890s to store off-peak energy in order 
to release it at peak times. The introduction 
of this technology into several European and 
the US electricity systems followed in the early 
WK FHQWXU\ >@ 7KH IXUWKHU XSWDNH RI
this technology was decisively accelerated by 
the development of a new type of hydroelectric 
turbine, which was able to be used reversibly 
DV ERWK JHQHUDWRUV LH FKDUJLQJ DQG HOHFWULF
PRWRU SXPSV LH GLVFKDUJLQJ >@ 7KH 8.·V
ÀUVWODUJHVFDOH3+(6IDFLOLW\DW)IHVWLQLRJ1RUWK
:DOHV IROORZHG GXULQJ WKH V >@ *LYHQ
WKLV ORQJH[SHULHQFHRI IDUPRUHWKDQ\HDUV
LQ DSSOLFDWLRQ 3+(6 LV FRQVLGHUHG WKH PRVW
PDWXUH IRUP RI HOHFWULFLW\ VWRUDJH >@ DQG
the dominant diffusion of this technology is also 
a result of its economies of scale and large-scale 
JHQHUDWLRQ FDSDELOLWLHV >@ 0RUHRYHU 3+(6 DV
it has been introduced4 has the largest deployed 
total capacity among all EES technologies and 
DVRILWKDGDVKDUHRIDURXQGDPRQJ
both global and UK large-scale and long-term EES 
capacity and is therefore the most widely used 
IRUPRIHOHFWULFLW\VWRUDJH>@
*LYHQDSRWHQWLDOUHVSRQVHWLPHRIDIHZVHFRQGV
>@ DQG D KLJK JHQHUDWLRQ FDSDFLW\ 3+(6
has a proven ability to perform a wide range of 
V\VWHPVHUYLFHVWKDWSURYLGHÁH[LELOLW\DQGHQDEOH
 $VSHUGHÀQLWLRQLHFORVHGORRSV\VWHPV
at the beginning of the paragraph. Additionally, 
RSHQORRS V\VWHPV H[LVW ZKLFK XVH QDWXUDOO\
ÁRZLQJ ZDWHUERG\ DV RQH RI WKHLU UHVHUYRLUV
ZKLFKKDV LPSDFWVRQHFRV\VWHPV>@$VVXFK
systems are not the norm, they are typically 
H[FOXGHGZKHQLWFRPHVWRVWDWLQJÀJXUHV
UHQHZDEOH LQWHJUDWLRQ DQG JULG VWDELOLW\ >@
2WKHU ((6 WHFKQRORJLHV PD\ DOVR SURYLGH WKHVH
services, with batteries commonly offering faster 
UHVSRQVHWLPHVEXWORZHUFDSDFLWLHV>@
3+(6 SURMHFWV FRPPRQO\ LQYROYH ODUJH FDSDFLW\
installations. They are characterised by 
operational lifetimes of often 80 years, high 
capital costs, lengthy construction activity 
DQG WKXV SUHVHQFH RI FRQVWUXFWLRQ VLWHV DQG
VSHFLÀF ORFDWLRQDO UHTXLUHPHQWV >@ ,Q WKLV
FRQWH[W VXLWDEOH VLWHV IRU ODUJH VFDOH SURMHFWV
in the UK are limited, since the need for an 
altitude differential between the two lakes limits 
the range of options to mountainous locations 
VXFK DV WKH 6FRWWLVK +LJKODQGV RU 6QRZGRQLD
LQ :DOHV 7KLV LV DQ LPSRUWDQW EDUULHU OLPLWLQJ
IXUWKHU GHSOR\PHQW RSWLRQV IRU 3+(6 $ FUXFLDO
factor may also be the availability of network in 
such areas given the environmental, planning 
and cost challenges of network construction. If 
QHWZRUNGRHVQRWH[LVWWRWUDQVSRUWHQHUJ\WRDQG
IURP DQ DSSURSULDWH 3+(6 ORFDWLRQ WKH EDUULHUV
to building storage capacity in that location 
SRWHQWLDOO\ FDQQRW EH RYHUFRPH +RZHYHU D NH\
feature of EES more generally is that it may serve 
to alleviate transmission constraints and enable 
greater generation capacity in a constrained 
QHWZRUNDUHD,IWKLVRSSRUWXQLW\LVWREHH[SORLWHG
WR EHQHÀW VRFLHW\ WKHQ DOO PHDQV RI SURYLGLQJ
ÁH[LELOLW\ WKURXJK VWRUDJH FDSDFLW\ JHQHUDWLRQ
and transmission capacity decisions should be 
taken in tandem.   
%DWWHU\WHFKQRORJLHVDOVRIDFHEDUULHUV,QYHVWRUV
have shown enthusiasm for various types 
of battery storage in recent years and have 
anticipated large scale deployment. This has 
VLPSO\ QRW HPHUJHG LQ WKH 8. 1DWLRQDO *ULG
KDVFRQWUDFWHGRQO\ OLPLWHGDIHZKXQGUHG0:
battery capacity and this has largely been to 
play a limited role in terms of frequency control 
>@7KLVDJDLQVXJJHVWVWKDWHLWKHUWKHH[LVWLQJ
policy, regulatory and market frameworks do not 
recognise the potential value of services provided 
by storage, or that other options to deliver the 
UHTXLUHGÁH[LELOLW\DQGVHFXULW\RXWFRPHVFDQEH
provided at a lesser cost. The question then is 




2.2 How do we (and should we) consider the 
value delivered by electrical energy storage?
7KLVSDSHUIRFXVHVRQ¶YDOXH·ZKLFKUHTXLUHVWKH
FRQVLGHUDWLRQRIERWKFRVWVDQGEHQHÀWV+RZHYHU
LQ D SROLWLFDO HFRQRP\ FRQWH[W FRQVLGHUDWLRQ RI
¶YDOXH·VKRXOGQRWEHOLPLWHGWRWKHHFRQRPLFVRI
WKH HQHUJ\ V\VWHP UDWKHU H[WHQGLQJ WR VRFLHWDO
FRVWVLQFXUUHGDQGEHQHÀWVUHDOLVHG7UDGLWLRQDOO\
the value of energy technologies is assessed 
using economic indicators such as private cost 
DQG UHWXUQV LQ D OLIHF\FOH FRQWH[W 6SHFLÀFDOO\
EES technologies have been assessed on 
WKH EDVLV RI WKH ¶/HYHOLVHG &RVW RI 6WRUDJH5 
/&26 7KLV LV D YDULDQWRI WKH OHYHOLVHGFRVWRI
energy approach applied in comparing across 
different approaches to achieving energy system 
RXWFRPHV/&26 WDNHVDOO LPSRUWDQWSDUDPHWHUV
including annual cycles depending on the typical 
XVH DQG LQYHVWPHQW OLIHWLPH LQWR DFFRXQW )RU
H[DPSOH D UHFHQW VWXG\ >@ HVWLPDWHG WKDW
3+(6KDVDVLJQLÀFDQWO\ORZHU/&26WKDQOLWKLXP
ion batteries, which could be taken as suggesting 
WKDW 3+(6 PD\ EH WKH PRVW FRVWHIÀFLHQW ODUJH
scale and long-term EES technology. The study 
QRWHVWKDWWKH/&26RXWFRPHIRU/LLRQEDWWHULHV
LV H[SHFWHG WR GHFUHDVH LQ WKH IXWXUH \HDUV
>@EXWWKDW3+(6VWLOOUHPDLQVWKHPRUHFRVW
HIÀFLHQW VROXWLRQ *LYHQ D IXWXUH GHYHORSPHQW
SLSHOLQH 3+(6 PD\ EH H[SHFWHG WR FRQWLQXH WR
SHUIRUPEHWWHU LQ WHUPVRI/&26JLYHQ LWVVWDWXV
as a mature technology with a long history of 
investment and deployment. 
+HUHLQ OLHVDFUXFLDO LVVXH LQ WHUPVRIYDOXDWLRQ
The maturing and deployment of technologies 
leads to the creation of standards in operation, 
planning, construction, and in evaluating 
HFRQRPLF EHQHÀWV /HVV PDWXUH WHFKQRORJLHV
ZLWKOHVVRID¶WUDFNUHFRUG·DUHOLNHO\WRKDYHPRUH
uncertainty associated with revenue streams, 
both from a technological performance angle 
>@ DQG IRU DQ\ FRVWEHQHÀW DQDO\VLV 0DWXULW\
DQG H[WHQW RI FXUUHQW GHSOR\PHQW FDQ DOVR OHDG
to economies of scale that deliver low unit costs 
in relation to other technologies. Thus any new 
technology will suffer a comparative disadvantage 
LQ HFRQRPLF YDOXDWLRQ SURFHVVHV 2Q WKH RWKHU
hand, even where technologies are mature with 
a history of relatively large scale deployment, 
 7KH /&26 PHWKRG DOORZV D FRVW
comparison of technologies in different system 
designs and various operation modes.
((6VWLOOVWUXJJOHV)RUH[DPSOHJLYHQLWVKLVWRU\
DQGPDWXULW\ LWPD\EHDUJXHG WKDW3+(6ZRXOG
have the ability to make a business case without 
VXEVLGLHV>@%XWHYHQLWKDVQRWEHHQWKHIRFXV
of any substantial investment and deployment, 
FHUWDLQO\ QRW LQ WKH *% V\VWHP IRU VHYHUDO
decades. The question thus arises, if an EES 
WHFKQRORJ\ VXFK 3+(6 FRXOG PDNH D EXVLQHVV
FDVH ZK\ KDVQ·W LW" ,I ZH FDQ LGHQWLI\ D PRUH
effective way of valuing the outcomes delivered 
by EES, could this impact the outcome, both for 
3+(6DQGXOWLPDWHO\ IRUDZLGHUSRUWIROLRRI((6
options?
,Q FRQVLGHULQJ WKLV TXHVWLRQ ZH QHHG WR UHÁHFW
ZKDWLVPHDQWDQGXQGHUVWRRGE\¶YDOXH·DQGKRZ
it needs to be assessed to inform decision making 
in the political economy. Prior to liberalisation 
of the electricity system and markets in the late 
V ZKHQ VLJQLÀFDQW LQYHVWPHQW LQ HQHUJ\
VWRUDJHLQWKHIRUPRI3+(6ZDVPDGHHYHU\WKLQJ
from generation to transmission to distribution 
ZDV UXQ E\ WKH &HQWUDO (OHFWULFLW\ *HQHUDWLQJ
%RDUG&(*%IRU(QJODQGDQG:DOHVZLWKWZHOYH
JHRJUDSKLFDOO\GLVWLQFW$UHD%RDUGVWKHUHLQDQG
IRU 6FRWODQG E\ WKH 1RUWK RI 6FRWODQG +\GUR
(OHFWULF %RDUG 16+(% DQG 6RXWK RI 6FRWODQG
(OHFWULFLW\ %RDUG 66(% 7KHVH ERDUGV KDG
centralised responsibility for developing and 
PDLQWDLQLQJDQGHIÀFLHQF\DQGHFRQRPLFV\VWHP
for electricity in bulk, and for the transmission 
networks. Naturally, consideration of needs 
and value is arguably more straightforward in a 
FHQWUDOLVHGV\VWHP3DUWLFXODUO\ LQ WKHFRQWH[WRI
security of supply issues in the 1970s, the value 
RIÁH[LELOLW\DQGWKHUROHRI((6ZDVFOHDULQWHUPV
RI ¶NHHSLQJ WKH OLJKWV RQ· DQG HQVXULQJ LQGXVWU\
could operate without costly power interruptions. 
Consequently, the construction of four large-
VFDOH 3+(6 SODQWV ZDV WDNHQ IRUZDUG LQ WKH *%
V\VWHP 2Q WKH RWKHU KDQG DV DUJXHG DERYH
it does not necessarily follow that centralised 
decision-making is the best way of considering 
or delivering a fuller consideration of societal 
value. Indeed, this was part of the argument for 
deregulation of the system, on the basis that 
PDUNHWV FDQ SRWHQWLDOO\ UHDOLVH WKH FRPSOH[
outcomes that central planning, with all the 
monopoly behaviour implications therein, may 
not be capable of delivering. 
+RZHYHU WKH NH\ SRLQW KHUH LV WKDW QR IXUWKHU
large-scale storage investments have followed 
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since electricity market liberalisation, despite 
ZKDW PDQ\ H[SHUWV DUH OLNHO\ WR DUJXH LV D
continued and possibly increasing threat to 
system security arising from greater reliance on 
LQWHUPLWWHQWUHQHZDEOHJHQHUDWLRQ:K\LVWKLVWKH
FDVH"7KURXJKWKHSURFHVVRIOLEHUDOLVDWLRQZKLFK
took place via two phases with the Electricity Act 
LQ  DQG 8WLOLWLHV $FW LQ  WKH V\VWHP
ZDV XQEXQGOHG WKH (OHFWULFLW\ %RDUGV VWULSSHG
into component operations, and tasks assigned 
to new stakeholders and markets. Combined 
with at least a reduced perception of the security 
DQG ÁH[LELOLW\ FRQFHUQV WKDW KDG EHHQ RI PRUH
concern in the 1970s and 1980s, it is likely that 
the need and thus the determination of value 
DVVRFLDWHG ZLWK ((6 DQG WKH FUXFLDO TXHVWLRQ
RIZKRSD\VDVVRFLDWHGFRVWVZDVODUJHO\OHIWWR
market forces. 
%XW QRZ DV VHW RXW LQ WKH LQWURGXFWLRQ WR WKLV
paper, real concerns are again being articulated 
around the need for energy storage to secure and 
balance our changing energy needs through a 
system increasingly characterised by renewable 
electricity generation technologies. This suggests 
a pressing need to consider both the question 
of measuring and communicating relative value 
delivered by EES to the relevant decision-making 
communities and to consider whether and 
why the market may or may not be delivering 
WKH ¶ULJKW· RXWFRPHV LQ WKLV UHJDUG $JDLQ WKH
FRQWH[W LV VRPHZKDW GLIIHUHQW WR ZKDW LW ZDV
three or four decades ago. Now the challenges 
that seem to point to storage solutions are ones 
of decarbonisation, increased dependence 
on intermittent renewables and a likely shift 
WRZDUGV HOHFWULÀFDWLRQ RI KHDW DQG WUDQVSRUW
+RZHYHU WKHVH DUH FRPSOH[ DQG RIWHQ TXLWH
technical issues. In the setting of a liberalised 
energy system, with no single decision maker to 
DVVHUWDQGSULRULWLVHWKHUROHRIZKDWZRXOGEHLQ
DEVROXWH WHUPV YHU\ FRVWO\ LQYHVWPHQW LQ ((6
there is a challenge in considering and articulating 
just what role EES may play in sustaining and 
growing our economy and ensuring well-being 
across society. Crucially, could EES play a role 
and deliver value in a manner that is not currently 
being fully recognised or valued by the current 
market system?   
So how should we approach the challenge of 
YDOXLQJ ((6 DQG DUWLFXODWLQJ WKDW YDOXH" /&26
is problematic in that it focuses on comparing 
across different energy storage solutions while 
the primary challenge is to make the case for 
HQHUJ\VWRUDJHPRUHJHQHUDOO\7KHEURDGHU/&2(
approach similarly focuses on comparing across 
different approaches to energy system solutions. 
&UXFLDOO\ /&26/&2( IRFXVHV RQ UHYHQXHV IURP
H[LVWLQJPDUNHWDUUDQJHPHQWVVRWKDWGHSHQGLQJ
RQWKHGHWDLOVRIWKHVSHFLÀFPHWKRGXVHGLWZLOO
QRW FRPPXQLFDWH YDOXH LI WKH H[LVWLQJ PDUNHW
does not recognise that value. Even broader 
considerations of the potential cost reductions 
LQ UXQQLQJ WKH HQHUJ\ V\VWHP >@ KDYH QRW
HOLFLWHG VXIÀFLHQW DWWHQWLRQ RU GHFLVLRQ PDNLQJ
LQ WKH FRQWH[W RI ((6 1R UHJXODWRU\ IUDPHZRUN
or legislation changes have been introduced 
beyond issuing of new storage licences and 
HQKDQFHG IUHTXHQF\ UHVSRQVH ()5 FRQWUDFWV
%XW WKH FRPSHWLWLRQ IRU ERWK SXEOLF DQG SULYDWH
resources is not limited to energy problems and, 
therefore, cannot be limited to considering the 
EHVWZD\WRGHOLYHUÁH[LELOLW\DQGVHFXULW\5DWKHU
consideration of the value delivered by energy 
VWRUDJHPXVWH[WHQGWRFRQVLGHUZKDW LQFUHDVHG
ÁH[LELOLW\DQGVHFXULW\ LQWKHHQHUJ\V\VWHPRIIHU
in terms of outcomes that are valued in a wider 
SROLWLFDO HFRQRP\ VHWWLQJ )RU H[DPSOH ZKDW
PLJKWUHVWULFWLRQVLQWKHÁH[LELOLW\DQGVHFXULW\RI
the electrical energy system - and/or removing 
WKRVHUHVWULFWLRQV²GRLQWHUPVRIWKHRSHUDWLQJ
landscape for industries considering production 
ORFDWLRQV" :KDW PLJKW WKH UHVXOWLQJ LPSDFWV RQ
HPSOR\PHQWKRXVHKROGLQFRPHV*'3DQGRWKHU
indicators of economic value be? 
2.3 Does UK energy policy recognise the 
value of storage? 
,V WKH W\SH RI DUJXPHQW VHW RXW DERYH UHÁHFWHG
LQWKH8.SROLF\DSSURDFKWRHQHUJ\VWRUDJH"
years ago, the answer would at least implicitly 
KDYH EHHQ ¶\HV· JLYHQ WKH FRQWH[W GLVFXVVHG LQ
6HFWLRQRIDQH[SOLFLWFRQFHUQRIWKHQHHGWR
¶NHHS WKH OLJKWV RQ· WR HQDEOH WKH HFRQRP\ DQG
VRFLHW\ WR IXQFWLRQ :H GR KDYH ((6 FDSDFLW\
LQ WKH 8. ODUJHO\ LQ WKH IRUP RI 3+(6 EXW WKH
last parts of this capacity were created back in 
the 1980s. A pathway for what we may loosely 
ODEHO ¶HQHUJ\ VWRUDJH SROLF\· VWDUWHG ZKHQ WKH
8. GHYHORSHG VLJQLÀFDQW FDSDFLW\ RI QXFOHDU
power, storage became a way to capture off-peak 
HOHFWULFLW\YDOXHGDW]HURRSSRUWXQLW\FRVWRUHYHQ
at negative cost, when shut down and restarting 
FRVW DUH WDNHQ LQWR DFFRXQW 7KLV HOHFWULFLW\
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was later used to serve peaks in demand. Many 
3+(6SODQWVHJ'LQRUZLJLQ:DOHVZHUHEXLOWWR
capture off-peak electricity from nuclear power 
plants in order to let them run on a constant 
RXWSXW OHYHO >@ 'RHV WKH PDLQ YDOXH IURP
3+(6 LQ WKH *% V\VWHP GHULYH IURP OLQNV WR
QXFOHDU SRZHU" 7KH *% V\VWHP·V UHOLDQFH RQ
QXFOHDU KDV GHFOLQHG :LOO IXUWKHU LQYHVWPHQW LQ
3+(6 WKHUHIRUH GHSHQG RQ WKH GHYHORSPHQW RI
VLJQLÀFDQW QHZ QXFOHDU FDSDFLW\ RU ZLOO LW EH WR
shift the low marginal cost renewable energy to 
times of peak demand?
The key point, however, is that the costly 
LQLWLDWLYH RI LQYHVWLQJ LQ 3+(6 VRPH  \HDUV
DJR ZDV PRWLYDWHG DQG MXVWLÀHG E\ D QHHG ¶WR
NHHS WKH OLJKWV RQ· GXH WR HYHQWV RI VXGGHQ
changes in demand or supply. This contrasts 
ZLWK WRGD\·V VLWXDWLRQ ZKHUH HOHFWULFLW\ VXSSO\
is characterised by decarbonisation demands 
served by large scale intermittent renewable 
generation. Concerns over potential black outs 
KDYH UHFHQWO\ DQG DUH VWLOO FXUUHQWO\ EHHQ WKH
subject of political and some media debate, for 
H[DPSOHZLWKD+RXVHRI/RUGVVHOHFWFRPPLWWHH
on the matter in 2015. Concerns over the need 
IRULQFUHDVHGÁH[LELOLW\DUHDOVRH[SOLFLWO\DQG>@
publicly made, but with each side of the equation 
perhaps less tangible to a wider public and policy 
audience. 
,QSUDFWLFHWKHQHHGWR¶NHHSWKHOLJKWVRQ·SHUVLVWV
today and may be considered even more vital as 
it underpins our increasingly digital society, and 
WKHQHHGIRUÁH[LELOLW\LQVXSSO\LVH[DFHUEDWHGE\
WKHFKDOOHQJHVRIGHFDUERQLVDWLRQ2Q WKHRWKHU
hand, not only is there a challenge in effectively 
articulating these needs in a crowded wider 
political economy environment, but even at the 
energy system level, the challenges are more 
FRPSOH[WKDQWKH\ZHUHSUHYLRXVO\7KLVLVGXHWR
the challenge of moving towards an increasingly 
intermittent dominated decarbonised electricity 
V\VWHP >@ :DV WKH UHJXODWRU\ WUDQVIRUPDWLRQ
to the current liberalised system made without 
D FOHDU GHÀQLWLRQ RI WKH ZLGHU VHW RI YDOXDEOH
societal outcomes that may be delivered via the 
ÁH[LELOLW\WKDW((6FDQKHOSGHOLYHU",IWKLVLVWKH
case, and the value of EES is weighted in this 
UHJDUG LH LW LV WKH PDLQ RXWFRPH SURYLGHG E\
LQYHVWPHQWLQDQGGHSOR\PHQWRI((6WKHQWKLV
system asset type and the services it provides 
PD\ EH XQGHUVXSSOLHG E\ WKH FXUUHQW V\VWHP·V
DFWRUV %DVLFDOO\ WKH FKDOOHQJH LV WR GHWHUPLQH
whether markets currently function effectively 
DQG HIÀFLHQWO\ LQ WKH VXVWDLQHG GHOLYHU\ RI
ÁH[LELOLW\ DQG VHFXULW\ RYHU ORQJ WLPH IUDPHV
or whether some failure needs to be corrected. 
7KHWLPHIUDPHLVVXHLVDQLPSRUWDQWRQH:KHUH
VROXWLRQV OLNH ((6 VLPLODU DUJXPHQWV DSSO\ LQ
RWKHU FRQWH[WV UHTXLUH ODUJH VFDOH LQYHVWPHQW
to ensure outcomes valued by society over the 
long term, the payback periods required are 
lengthened and, thus, more greatly impacted by 
political and policy uncertainty.  
0RUHRYHUWKHUHLVFXUUHQWO\QRVSHFLÀFUHJXODWLRQ
for EES covering all aspects of technical potential 
this technology offers to the system and to 
society that will enable it to compete equally with 
other options to deliver socially valued outcomes 
YLD LWV ÁH[LELOLW\ DQG VHFXULW\ FKDUDFWHULVWLFV
7KLV ODFN RI FODULW\ KDV EHHQ H[DPLQHG LQ D
report published by the Committee on Climate 
&KDQJH >@ ZKLFK PRGHOV GLIIHUHQW VFHQDULRV
RQWKHXQFHUWDLQW\UDQJHRIWKHH[SHFWHGÁH[LEOH
WHFKQRORJ\ GHSOR\PHQW LH ((6 'HPDQG6LGH
0DQDJHPHQWLQWHUFRQQHFWRUVDQGKLJKÁH[LELOLW\
JHQHUDWLRQ 1RW VXUSULVLQJO\ WKH SRWHQWLDO RI
((6 GHSOR\PHQW E\  VKRZV WKH KLJKHVW
XQFHUWDLQW\ UDQJH DPRQJ WKH UDQJH RI ÁH[LELOLW\
DSSURDFKHV FRQVLGHUHG 7KLV LV LGHQWLÀHG DV
being a function of current and future regulatory 
uncertainty, as well as distorting market signals. 
6RZKDWLVEHLQJGRQH":KLOHWKH8.JRYHUQPHQW
KDVLGHQWLÀHGVWRUDJHDVDQHQDEOLQJWHFKQRORJ\
WR WKHLU HPLVVLRQ UHGXFWLRQ WDUJHWV >@ DV
yet little has been done in terms of removing 
EDUULHUVVXFKDVWKHPLVVLQJGHÀQLWLRQRIVWRUDJH
ZLWKLQ 7KH (OHFWULFLW\ $FW  >@6. This 
LV GHVSLWH 2IJHP KDYLQJ SXEOLVKHG UHSRUWV DQG
consultations highlighting all of these issues 
>@ DOWKRXJK WKHUH PD\ EH VRPH DFWLYLW\
emerging in terms of licensing arrangements for 
VWRUDJH>@
([LVWLQJ HIIRUWV RQ VWLPXODWLQJ VRPH ÁH[LELOLW\
SURYLVRQ LQFOXGH WKH FDS DQG ÁRRU PHFKDQLVP
supporting investment into interconnectors 
EHWZHHQWKH8.DQGUHOHYDQWFRXQWULHV>@DQG
6 Parliament shall discuss an asset 
GHÀQLWLRQ RI VWRUDJH ´ZKHQ 3DUOLDPHQWDU\ WLPH
DOORZVµ >@ EXW WKH 8.·V GHSDUWXUH IURP WKH
European Union and the associated need to pass 
RWKHUELOOVPD\GHOD\LVXQWLO>@
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1DWLRQDO *ULG DV (OHFWULFLW\ 6\VWHP 2SHUDWRU LV
VHHNLQJ WR HQKDQFH IXWXUH PDUNHWV IRU ÁH[LELOLW\
VHUYLFHV +RZHYHU EDWWHU\ VWRUDJH LQYHVWPHQWV
are increasingly being carried out beyond 
WKH PHWHU >@ SRWHQWLDOO\ VHHNLQJ WR DYRLG
some system charges. These may not be the 
PRVW HIÀFLHQW RXWFRPH IURP D ZKROH V\VWHP
perspective.
6RPH3+(6SURMHFWVDUHFXUUHQWO\LQWKHSODQQLQJ
stage, but it is yet uncertain whether they will 
progress further. The crucial point here is that 
private money has been spent in development, 
LQGLFDWLQJ WKDW WKH RXWFRPHV GHOLYHUHG E\ 3+(6
DUHYDOXHG%XWZK\WKHQKDVQRERG\WDNHQWKH
ÀQDO LQYHVWPHQW GHFLVLRQV" $ NH\ LVVXH LV WKH
need for the right investment conditions in which 
KLJK YDOXH SULYDWH ÀQDQFH GHFLVLRQV DUH PDGH
In terms of key policy interventions, the capacity 
mechanism was introduced for the support of 
backup generators, with the offered timescales 
being clearly too short to attract investment into 
DYDLODEOH 3+(6 RSWLRQV >@ 7KDW WKH FDSDFLW\
mechanism does not attract the magnitude 
of capital costs and investment timescales 
DVVRFLDWHG ZLWK EXON VWRUDJH V\VWHPV OLNH 3+(6
potentially disadvantages the latter in terms of 
the value stream available via what has been a 
key policy intervention.  
3. The issue - what is the challenge for 
storage development? Why does a ready option 
like PHES not work in the current environment?
6RIDUZH·YHVHWRXWZKDWVHHPVWREHWKHURRWRI
WKHSUREOHPIRUHOHFWULFDOHQHUJ\VWRUDJH²DODFN
of recognition and/or articulation of the value of 
EES not only to the electrical system but to the 
wider political economy in terms of outcomes that 
DUHXOWLPDWHO\GHOLYHUHGYLDWKHORQJWHUPÁH[LELOLW\
and storage that it may play a role in delivering. As 
noted above, this may ultimately lead to outcomes 
such as a more secure environment for industry 
location, employment and generation of value-
added, thereby impacting household incomes 
and other measure of economic well-being. At 
this stage we delve a bit deeper to consider some 
RI WKH VSHFLÀF EDUULHUV LGHQWLÀHG DV GHWHUULQJ
further investment and deployment particularly in 
3+(6DVDPDWXUHWHFKQRORJ\EXWVSLOOLQJDFURVV
the wider portfolio of potential options. 
In general, major barriers are the market 
arrangement of strict business separation 
LH XQEXQGOLQJ7 DFURVV WKH VHFWLRQV RI WKH
previously vertically integrated utility and, at least 
WRGDWHDQDEVHQFHRIDQDVVHWGHÀQLWLRQ>@
WKRXJK WKLV PD\ EH UHVROYHG DW OHDVW LQ SDUW
YLD QHZ OLFHQFH GHÀQLWLRQV :KLOH WKH EXVLQHVV
VHSDUDWLRQKDVOHGWRPDQ\EHQHÀWVLQWKLVSDSHU
we have argued that that the process of market 
development may have been less than complete 
in terms of the nature of wider societal value 
LGHQWLÀFDWLRQ DQG GHOLYHU\ ,Q SDUWLFXODU ((6 LV
currently treated as a generator and consumer 
depending on whether the asset is being 
GLVFKDUJHGRUFKDUJHG>@,QWHUPVRIJULGFRGHV
((6LVFODVVHGDVDJHQHUDWRUH[SRVLQJRSHUDWRUV
to both transmission and distribution network 
FKDUJHV >@ DV ZHOO DV WR RWKHU OHYLHV GHVSLWH
the fact that electricity is neither generated nor 
FRQVXPHG>@:KLOHPDUNHWVIRUÁH[LELOLW\
services are long established, it is arguable that 
these markets are institutionally and structurally 
biased against EES solutions, particularly bulk 
VWRUDJH FDSLWDOLQWHQVLYH RSWLRQV VXFK DV 3+(6
0DUNHWVVKRXOGUHFRJQLVHWKDWEHQHÀWVIURP((6
solutions are split across multiple stakeholders of 
the electricity system and include transmission 
DQG GLVWULEXWLRQ H[WHQVLRQ GHIHUUDO UHOLHI RI
network congestion, provision of balancing and 
regulation services, as well as the potential to 
UHSODFHEDVHORDGJHQHUDWLRQ>@
*HQHUDOO\ LW LVDUJXDEOH WKDW((6DFWVRQDYHU\
XQHYHQ SOD\LQJ ÀHOG ,Q SDUWLFXODU VWDWH VXSSRUW
RI FHUWDLQ JHQHUDWRUV >@ DQG LQWHUFRQQHFWRUV
>@ DUH UHFRJQLVHG DV EDUULQJ VWRUDJH
GHSOR\PHQW >@ 0DUNHW HQWU\ EDUULHUV SOD\ D
role as dominant market structures of generation 
markets and the subtle details in the respective 
regulation are preventing EES operators from 
FRPSHWLQJRQWKHQHHGHGHYHQSOD\LQJÀHOG>@
'LVLQWHJUDWHGPDUNHWVWUXFWXUHV ZKHUHGLIIHUHQW
regulatory frameworks, rules and restrictions 
DSSO\FRQVWLWXWHDQRWKHUEDUULHU:KLOH((6RIIHUV
services and solutions to many independent 
markets, it faces barriers to participating in these 
markets simultaneously, despite its technical 
SRWHQWLDO>@
 6HH (8 'LUHFWLYH (& RU 7KH
Electricity Act 1989; this requirement is not 
H[SHFWHG WR FKDQJH DQG 2IJHP PDGH WKLV FOHDU
>@
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More generally, policy uncertainty is problematic, 
given that EES is particularly suited to service in 
the shift to low carbon economic development 
LQ WKH SHULRG WR  6SHFLÀFDOO\ WKH VXFFHVV
of storage business models is linked to policies 
ZKLFK GULYH WKH QHHG IRU ÁH[LELOLW\ DQG WKLV LV
GLIÀFXOW WR DUWLFXODWH ZKHUH FOHDU WHFKQRORJ\
QHXWUDO VWUDWHJLHVDQGGLUHFWLRQDUHQRW VHWRXW
and committed to by policy. Uncertainties over 
the long-term predictability of policy drivers are 
FOHDUO\LGHQWLÀHGDVDNH\ULVNIDFWRUDQGWKHUHIRUH
DEDUULHUWRVWRUDJHGHSOR\PHQW>@
6SHFLÀF EDUULHUV DQG LVVXHV ZLOO DSSO\ LQ WKH
FRQWH[WRIGLIIHUHQW((6WHFKQRORJLHV&RQVLGHULQJ
RXU IRFXV RQ 3+(6 WKHUH DUH D QXPEHU RI
particular factors. As noted already, most 
JOREDO 3+(6 SURMHFWV KDYH EHHQ GHYHORSHG LQ
electricity markets with a certain degree of public 
ownership and the deregulation of these markets 
around the world resulted in the slowdown of the 
GHYHORSPHQWUDWHRIQHZSURMHFWV>@3+(6IDFHV
particular barriers arising from their large capital 





>@ WKDW PD\ WDNH  \HDUV WR FRQVWUXFW DQG
WKLV PD\ EH D FRQVHUYDWLYH HVWLPDWH VR WKDW





4. So what can be done? 
)URPWKHDQDO\VLVDERYHDQXPEHURIFRQFOXVLRQV
can be drawn in terms of the required focus of 
policy analysis and action.
)LUVW WKHUH LVD IXQGDPHQWDOQHHG WR recognise 
and articulate the value EES provides both to 
cost effective running of the electricity system but 
to society as a whole87KLVLVDOUHDG\DFRPSOH[
8 The Carbon Trust has attempted this 
>@ DOWKRXJK WKH FDOFXODWLRQ PHWKRG DQG LQSXW
ÀJXUHV KDYH QRW EHHQ SURYLGHG 7KHLU UHSRUW
states a saving potential with the deployment 
of EES of around £2.4bn to society as a whole 
DQG\HDU WRHDFKKRXVHKROG LIRQO\RI
these savings would be passed to the domestic 
task given the diversity in stakeholders involved 
and the need to set any valuation at energy 
system level in terms of its low carbon electricity 
JHQHUDWLRQ SURSHUWLHV ZKHUH WKHUH DUH D ZLGHU
set of recognised valuation issues around carbon 
HPLVVLRQVDQGPLWLJDWLQJJOREDOFOLPDWHFKDQJH
+RZHYHU WKH SDUWLFXODU LVVXH KLJKOLJKWHG LQ
this paper is the need to link EES to outcomes 
valued by the political economy via the increased 
VHFXULW\ RI VXSSO\ DQG ÁH[LELOLW\ WKDW LW HQDEOHV
These features were implicitly recognised in 
decision making regarding investment and 
GHSOR\PHQW RI 3+(6 EDFN LQ WKH V DQG
1980s but may require more formal recognition in 
WRGD\·VFRPSOH[SROLF\DQGVRFLHWDOHQYLURQPHQW
Ultimately, a key recommendation must be that 
future research in energy policy generally, and 
the storage domain in particular, give attention 
to principles and methods set out for valuation 
and evaluation of less tangible societal costs 
DQGEHQHÀWVYLDWUXVWHGSROLF\SXEOLFDWLRQVVXFK
DV +0 7UHDVXU\·V *UHHQ %RRN Societal costs 
DQG EHQHÀWV should part of an assessment of 
future energy system requirements performed 
E\ *RYHUQPHQW 2IJHP HOHFWULFLW\ DQG RWKHU
industry participants who can make decisions 
on storage capacity and investment. This is an 
urgent need to understand what policy change 
may be required.
 
As noted in this paper, the maturity and 
SUHYDOHQFH RI 3+(6 LQ WKH H[LVWLQJ VWRUDJH
landscape, and the consequent impact on key 
economic determinants of discounted costs 
and revenues, does make it more likely that this 
EES option would perform better in a social cost 
EHQHÀW RU UHODWHG DQDO\VLV +RZHYHU WKH NH\
step is to actually set out methods of valuing 
basic outcomes delivered by EES more generally. 
As such a framework develops and becomes 
accepted and trusted, it will become more 
straightforward to incorporate the comparative 
EHQHÀWVFRVW LPSOLFDWLRQV RI RWKHU ((6 RSWLRQV
VXFK DV JUHDWHU ÁH[LELOLW\ RI ORFDWLRQ ORZHU
FDSLWDOFRVWV
The second key conclusion is that, underpinning 
any valuation, here is a need to GHÀQH VWRUDJH
within the electricity system market framework, 
and, more generally, to develop more effective 
long-term market frameworks to obtain the best 
consumers. This would have further implications 
such as increased industry competitiveness.
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FRPPHUFLDO VROXWLRQV6SHFLÀFDOO\((6QHHGV WR
be considered in terms of what it actually does: 
the storage of already generated electricity 
at times when it is in surplus or at low cost in 
order to avoid curtailment or generator ramping 
and the later release in times of high demand 
or the risk of system imbalances. It is arguable 
WKDWWKHSODQHGGHÀQLWLRQRIVWRUDJHDVDVXEVHW
RI JHQHUDWLRQ >@ LV LQVXIÀFLHQW WR IXOÀO
this need. In practical terms, this will involve 
WKH UHPRYDO RI GRXEOHFKDUJLQJ LQ WKH FRQWH[W
of levies and network charges. This must be 
accompanied by the creation of a level playing 
ÀHOG· where EES solutions are able to compete 
ZLWKRWKHUÁH[LELOLW\WHFKQRORJLHVVXFKDVWKHUPDO
generators and interconnectors.
There are also an important set of issues in terms 
of recognising the full commercial potential 
of EES and fully recognising how commercial 
EHQHÀWV PD\ OHDG WR EHQHÀWV WR FRQVXPHUV
:LWKLQ WKLV WKHUH VKRXOG EH D VKLIW WR HQDEOLQJ
PRUH ORQJWHUPYDOXHVWDFNLQJLH WKHSURYLVLRQ
RIVHYHUDOVHUYLFHVLQJHQHUDODQGVLPXOWDQHRXVO\
where technically possible. At the same time, 
there are a range of issues around potentially 
stranded assets, where EES may displace current 
ÁH[LELOLW\ SURYLVLRQ ,QGHHG WKHUH DUH OLNHO\ WR
be problems around the resistance of current 
ÁH[LELOLW\ DQG JHQHUDWLRQ SURYLGHUV, where, 
by reducing average and peak prices in various 




7KH WKLUG DQG ÀQDO EXW FUXFLDO FRQFOXVLRQ LV WR
underpin all of this with more policy certainty 
around low carbon economic development 
SDWKZD\V LQ JHQHUDOO\ DQG VSHFLÀFDOO\ 5(6
deployment targets and EES. In the case of the 
latter, our conclusion is that the societal and 
political economy valuation issue highlighted 
in this paper is the fundamental challenge 
that must be agreed and addressed in a more 
integrated whole system approach to energy 
policy formulation and action as soon as possible. 
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